Introduction
============

A number of acute cardiovascular events including acute myocardial infarction, cardiac arrest, and stroke have definite time distribution patterns rather than occurring as random events.[@b1-oaem-2-037] For example, it has been observed that sudden cardiac arrests follow a circadian pattern,[@b2-oaem-2-037]--[@b5-oaem-2-037] with increasing incidence in the mornings until noon.[@b1-oaem-2-037],[@b6-oaem-2-037] Weekly patterns have also been noticed, with increased frequency of cardiac events on Mondays.[@b7-oaem-2-037]--[@b10-oaem-2-037]

Seasonal patterns have been observed for acute myocardial infarction[@b11-oaem-2-037],[@b12-oaem-2-037] and sudden death[@b8-oaem-2-037] in temperate climates. A higher volume of myocardial infarction cases have been reported in winter than in summer.[@b13-oaem-2-037],[@b14-oaem-2-037] Similarly, a higher incidence of cardiac arrests during winter has been observed.[@b8-oaem-2-037] However, it is currently unclear if this is a climatic effect or due to other factors. Describing the seasonal pattern of cardiac arrests in an equatorial location might shed light on whether this observation is due to a climatic effect.

We aimed to determine whether there is a seasonal variation of out-of-hospital cardiac arrests (OHCA) in an equatorial climate, which does not experience seasonal environmental change, using data from the Cardiac Arrest and Resuscitation Epidemiology (CARE) project,[@b15-oaem-2-037]--[@b17-oaem-2-037] an OHCA registry based in equatorial Singapore.

Methods
=======

Study design and setting
------------------------

The CARE study is a large prospective registry of OHCA in Singapore. The study period was October 1st, 2001 to October 14th, 2004. Institutional Review Board approval was obtained from all participating institutions.

Singapore is a city-state with a land area of 682.3 square kilometers and a population of 4.1 million. The island's emergency medical services (EMS) system is run by the Singapore Civil Defence Force (SCDF) which currently operates 36 ambulances based in 15 fire stations and 16 satellite stations. It is primarily a single-tier system, able to provide basic life support and defibrillation with automated external defibrillators (AEDs). Private ambulances do not attend to emergencies like cardiac arrest. It is also unusual for paramedics in our system to pronounce death in the field except for obvious decapitation, decomposition or rigor mortis. Thus, almost all out-of-hospital cardiac arrests in Singapore would have been transported to hospital.

The CARE study group includes representatives from the six major public hospitals in Singapore, the Singapore Civil Defence Force, Health Sciences Authority, and the Clinical Trials and Epidemiology Research Unit, Singapore. CARE Phase I found survival from OHCA in Singapore to be 2.0%.[@b15-oaem-2-037] EMS response time was 10.2 ± 4.3 minutes. Time from call to defibrillation was 16.7 ± 7.2 minutes.

Patient characteristics, cardiac arrest circumstances, ECG rhythms, EMS response times, and outcomes were recorded in a standard report according to the Utstein style.

EMS timings were recorded automatically by the computerized central dispatch system and ambulance AEDs. All watches and AEDs were synchronized with the central dispatch clock at the beginning of each shift. Survival to hospital discharge was defined as the patient leaving the hospital alive or survival to 30 days post-cardiac arrest, whichever came first.

For purposes of this analysis, we defined the climatic seasons based on the northern hemisphere calendar definitions: winter (December 21 to March 19 \[89 days\]); spring (March 20 to June 20 \[93 days\]); summer (June 21 to September 22 \[94 days\]); fall (September 23 to December 20 \[89 days\]).[@b13-oaem-2-037]

Participants
------------

All patients with prehospital cardiac arrest as confirmed by the absence of a pulse, unresponsiveness, and apnea were included. Exclusion criteria were those 'obviously dead' as defined by the presence of decomposition, rigor mortis or dependent lividity. We also excluded all cardiac arrests due to trauma (including drowning, choking, and poisoning) from this analysis.

Statistical analysis
--------------------

Data management was carried out using the Clintrial application software version 4.4. All data analyses were performed using SPSS version 15.0 (SPSS Inc., Chicago, IL), presenting descriptive statistics and frequencies. Statistical analysis was conducted using analysis of variance (ANOVA) to analyze the mean number of cardiac arrest cases in different seasons, months, and years. The F-test from ANOVA (Type III) determined the overall main effect of season. Significance was set at *P* \< 0.05.

Results
=======

From October, 1st 2001 to October, 14th 2004, 2428 patients were enrolled in the study. [Table 1](#t1-oaem-2-037){ref-type="table"} shows the characteristics of patients in the study. Mean age was 60.6 years with 68.0% male. 67.8% of cardiac arrests occurred in residences, with 54.5% bystander-witnessed, and another 10.5% EMS-witnessed. Mean EMS response time was 9.6 minutes with 21.7% receiving prehospital defibrillation.

[Figure 1](#f1-oaem-2-037){ref-type="fig"} shows the number of cardiac arrests occurring per month over the study period.

[Table 2a](#t2a-oaem-2-037){ref-type="table"} shows the number of cardiac arrests per month by 'season'. There was no significant seasonal variation (spring/summer/fall/winter) of events (ANOVA *P* = 0.71, F = 0.46). [Table 2b](#t2b-oaem-2-037){ref-type="table"} shows the number of cardiac arrests per month, by year. There was no significant yearly variation (ANOVA *P* = 0.26, F = 1.40).

[Table 3](#t3-oaem-2-037){ref-type="table"} shows the number of cardiac arrests per month, by month. There was no significant monthly variation (ANOVA *P* = 0.88, F = 0.51).

There were also no significant differences in the comparison of cardiac arrest cases by gender and age, as shown in [Table 4](#t4-oaem-2-037){ref-type="table"}.

[Figure 2](#f2-oaem-2-037){ref-type="fig"} shows the distribution of cardiac arrest cases by day of the week. The highest number of cardiac arrests occurred on Mondays and the lowest on Thursdays.

[Figure 3](#f3-oaem-2-037){ref-type="fig"} shows the distribution of cardiac arrest cases by time of day. There was a peak in the occurrence of cardiac arrest cases in the mornings from 9--10 am and a secondary peak from 7--8 pm. There was a trough in cardiac arrest occurrence from 1--5 am.

Discussion
==========

In this study we did not find any discernable seasonal pattern of cardiac arrests. This contrasts with findings from temperate countries and suggests a climatic influence on cardiac arrest occurrence. However, we did notice a four to five monthly pattern of cardiac arrest occurrence locally, although the reason for this is not entirely clear.

In contrast, similar to other studies, we did find weekly peaks on Mondays and a circadian pattern with daily peaks from 9--10 am.[@b8-oaem-2-037] These patterns were consistent year-on-year over the period of the study.

The equatorial climate of Singapore has constant temperature and weather throughout the year, without the seasonal variations of temperate countries. This makes it an ideal 'laboratory' for the observations made in our study. Although we did find some month-to-month variation, there was no discernable seasonal pattern, nor were there any obvious trends or factors that we could relate to the variation seen.

Identification of specific patterns in the timing of OHCA is of scientific importance because such patterns imply that there are external triggers to such events. A large number of studies have confirmed that there is a seasonal pattern to cardiac deaths in the United States,[@b13-oaem-2-037],[@b14-oaem-2-037],[@b18-oaem-2-037] Australia,[@b19-oaem-2-037] Sweden,[@b3-oaem-2-037] England,[@b18-oaem-2-037] and Germany.[@b8-oaem-2-037]

Theories that have been proposed to explain an increased prevalence of cardiac deaths in winter include cold weather affecting arterial blood pressure,[@b20-oaem-2-037] arterial spasm, platelet and red blood cell counts, blood viscosity,[@b21-oaem-2-037] plasma fibrinogen, factor VII,[@b22-oaem-2-037] and serum cholesterol levels.[@b23-oaem-2-037],[@b24-oaem-2-037] Low environmental temperature has an important hemodynamic effect, including an increase in systemic vascular resistance and myocardial oxygen consumption.[@b25-oaem-2-037]

Our study also confirms that sudden cardiac arrests follow a circadian pattern,[@b2-oaem-2-037],[@b3-oaem-2-037] with increasing incidence in the mornings until noon.[@b6-oaem-2-037],[@b26-oaem-2-037] Weekly patterns have also been noticed in other studies, with increased frequency of cardiac events on Mondays.[@b7-oaem-2-037]--[@b10-oaem-2-037] These weekly patterns might be more related to human behavior, activity, work patterns, and possibly stress levels. In Singapore, the work week begins on Mondays, and Sundays are usually rest days.

Similar patterns have been observed in acute myocardial infarction,[@b27-oaem-2-037]--[@b32-oaem-2-037] stroke,[@b33-oaem-2-037],[@b34-oaem-2-037] and pulmonary embolism.[@b35-oaem-2-037] Various explanations for this effect that have been proposed include circadian variations in the autonomic nervous system,[@b36-oaem-2-037] variations in electrical activity,[@b37-oaem-2-037]--[@b39-oaem-2-037] vascular changes,[@b40-oaem-2-037],[@b41-oaem-2-037] and hormonal/metabolic fluctuations.[@b42-oaem-2-037]

Human autonomic/hormonal/metabolic responses to the seasonal cycle have been previously documented,[@b43-oaem-2-037] but not much is currently known about seasonal modulation of such variables in an equatorial climate. This would be an interesting area for further study. We postulate that the length of light in the day, which is more constant on the equator, might have a different effect on brain peptides or the autonomic nervous system. This contrasts with more temperate or arctic regions where the length of light in the day changes dramatically.

Study limitations
-----------------

One limitation of this study is that data is based on cardiac arrest cases reported to the national ambulance service or presented to the Emergency Departments in the country. There may have been a number of cardiac arrests that were not reported and might not have been brought to a healthcare facility. However, our subjective experience is that this number is likely to be small.

Another limitation of our study is that it assumes that there were no sudden changes in the population demographics, disease patterns, and health-seeking behavior over the period.

Other areas for future study would include a death certificate-based study of cardiac deaths in Singapore, or an analysis of acute myocardial infarction registry data. This would confirm the seasonal, weekly, and daily patterns observed in this study.

Conclusion
==========

We did not find any discernable seasonal pattern of cardiac arrests. This contrasts with findings from temperate countries and suggests a climatic influence on cardiac arrest occurrence. We did find weekly peaks on Mondays and a circadian pattern with daily peaks from 9--10 am. These patterns confirm that sudden cardiac arrests follow a circadian pattern.
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###### 

Characteristics of all cardiac arrest patients in the study

  Characteristics                           All patients N = 2428 (%)
  ----------------------------------------- ---------------------------
  Mean age (SD)                             60.6 (19.3)
  Male                                      1652 (68.0)
  Race                                      
   Chinese                                  1687 (69.5)
   Malay                                    365 (15.0)
   Indian                                   267 (11.0)
   Others                                   108 (4.4)
  Arrest location                           
   Residential homes                        1629 (67.8)
   Other                                    772 (32.2)
  Collapse witness                          
   Bystander-witnessed                      1318 (54.5)
   EMS-witnessed                            255 (10.5)
   Not witnessed                            845 (34.9)
  Bystander CPR                             477 (22.1)
  Initial rhythm                            
   Ventricular Fibrillation                 424 (18.9)
   Ventricular Tachycardia                  12 (0.5)
   Asystole                                 1162 (51.8)
   Pulseless Electrical Activity            599 (26.7)
  Defibrillated                             525 (21.7)
  Call receipt to vehicle stops, min (SD)   9.59 (4.4)
  Past medical history                      
   Heart disease                            786 (37.0)
   Diabetes                                 569 (26.8)
   Hypertension                             751 (35.3)
   Stroke                                   164 (7.7)
   Cancer                                   173 (8.1)
   Others                                   449 (21.1)

###### 

Number of cardiac arrests per month (by 'season')

  N = 2428    Mean (SD)       95% confidence interval for mean   *P*-value
  ----------- --------------- ---------------------------------- -----------
  Winter      66\. 9 (12.1)   57.6--76.2                         
  (n = 602)                                                      
  Spring      67.2 (12.8)     57.4--77.0                         
  (n = 605)                                                      0.71
  Summer      61.1 (13.3)     50.9--71.3                         
  (n = 550)                                                      
  Fall        67.1 (14.8)     56.6--77.7                         
  (n = 671)                                                      

###### 

Number of cardiac arrests per month (by year)

  N = 2428         Mean (SD)     95% confidenceinterval for mean   *P*-value
  ---------------- ------------- --------------------------------- -----------
  2001 (n = 224)   74.7 (11.9)   45.2--104.1                       
  2002 (n = 823)   68.6 (10.4)   62.0--75.2                        0.26
  2003 (n = 724)   60.3 (12.7)   52.3--68.4                        
  2004 (n = 657)   65.7 (15.5)   54.6--76.8                        

###### 

Number of cardiac arrests per month (by month)

  N = 2428    Mean (SD)     95% confidence interval for mean   *P*-value
  ----------- ------------- ---------------------------------- -----------
  January     74.0 (17.4)   30.7--117.3                        
  February    65.0 (12.5)   34.0--96.0                         
  March       76.0 (8.0)    56.1--95.9                         
  April       58.3 (11.9)   28.7--88.0                         
  May         67.3 (14.5)   31.3--103.4                        
  June        63.0 (13.0)   30.7--95.3                         0.88
  July        56.0 (14.8)   19.2--92.8                         
  August      64.3 (15.9)   24.7--104.0                        
  September   65.3 (13.8)   31.1--99.6                         
  October     66.5 (21.1)   32.9--100.1                        
  November    69.7 (10.3)   44.2--95.2                         
  December    61.7 (2.1)    56.5--66.8                         

###### 

Comparison of cardiac arrest events by gender and age

                          Winter (n = 602)   Spring (n = 605)   Summer (n = 550)   Fall (n = 671)   *P*-value
  ----------------------- ------------------ ------------------ ------------------ ---------------- -----------
  **Gender, mean (SD)**                                                                             
   Male                   44.3 (10.0)        45.9 (10.6)        43.1 (10.0)        45.2 (13.8)      0.96
   Female                 22.6 (3.0)         21.3 (3.0)         18 (4.9)           21.9 (6.9)       0.21
  **Age, mean (SD)**                                                                                
  \<60 years              28 (6.1)           28.2 (5.4)         27.2 (7.4)         29.4 (7.5)       0.91
  ≥60 years               38.4 (7.6)         38.4 (8.4)         33.3 (7.2)         37.6 (9.4)       0.50
